Purpose The purpose of this systematic review was to evaluate, in animal model-based studies, whether there are mandibular growth alterations, after open reduction and internal rigid fixation with titanium plates and screws. Methods A literature search was conducted using the MEDLINE, EMBASE, and LILACS databases, up to and including August 2015. Surgical reduction and internal rigid fixation (IRF) of induced fractures were compared to non-invasive procedures, in order to investigate if there were alterations in the mandibular growth patterns. Results Of a total of 624 potentially relevant papers identified through the searching process, five were eligible for inclusion. Three studies using 3-month old New Zealand white rabbits induced fractures of mandibular body or symphysis and internal fixation with titanium microplates and screws, whereas two were based on 6-month old goats with condylar fracture. None of the studies showed statistically significant difference between experimental and control groups. Conclusion As literature regarding this subject is scarce, and the included studies show low level of evidence, it is not possible to conclude that open reduction and internal rigid fixation with titanium plates and screws cause significant growing alteration of the mandible.
Introduction
Despite pediatric fractures occurring to craniomaxillofacial structures are rare, mandibular fractures are the most common of them [1, 2] . They can involve all the mandibular structures, as the condyles, that are fragile, but they can also be present in the body, ramus and parasymphysis as well.
The incidence of pediatric facial fractures is relatively low compared to adult patterns due to the flexibility of the immature bone, and high energy trauma is the main reason [2] . Some undisplaced mandibular fractures can be treated with the traditional closed reduction methods, and followed by strict controls, but severe displaced fractures are indicated for open surgical reduction and fixation with internal rigid devices, generally using metallic plates and screws [3] .
In 1943, Waldron et al. [4] stated that internal rigid fixation represent a risk not only for dental germs but for mandibular growth as well. Later, experimental studies debated about this theory, reporting contradictory conclusions [5, 6] .
At the present, debate is still open, and the introduction of absorbable plates has been considered as the solution, despite their higher cost and their minor resistance to functional forces. This is an important reason why, detailed revision of the scarce literature about this particular theme is necessary.
The lack of randomized clinical trials (RCTs) in human pediatric population regarding this issue, mainly due to ethical reasons, is probably the reason why only a few of experimental studies are available in literature, and all of them are based in animal models.
To date, no systematic evaluations of the base of evidence are available, thus the purpose of this study is to perform a systematic review (SR) of literature in order to determine if the mandibular growth (MG) is affected by internal rigid fixation (IRF) with titanium plates and screws after fractures, using animal models. The following focused question was addressed: ''Is the MG affected by IRF with titanium plates and screws after fractures?''
Materials and Methods
This SR was structured in accordance with guidelines from PRISMA [7] , the Cochrane Handbook of Systematic Reviews of Interventions [8] , and Check Review checklist [9, 10] . The IRB considered that no review of this investigation was needed.
Type of Studies and Participants (Inclusion Criteria)
Because of the nature of the intervention of interest considered by this review and the impossibility of testing its hypothesis prospectively in humans for ethical reasons, we considered exclusively animal trials (ATs), in which the animals were exposed to induced mandibular fractures followed by internal rigid fixation with miniplates and screws, followed by postoperative care and radiographic assessment (after 3 months at least).
Exclusion Criteria
Studies in which absorbable fixation devices were used to reduce the fractures were excluded from this review.
Outcome Measures
The clinical outcome measure was the growth pattern in the mandible, after the performance of unilateral or bilateral mandibular induced fractures, followed by the placement of titanium plates and screws to reduce the fractures.
Search Strategy
Detailed search strategies were developed for each database search individually, in order to identify studies to be included or considered for this review. 
Assessment of Validity and Data Extraction
Two independent reviewers screened the titles, abstracts, and full texts of the articles identified by searching. Disagreement between the reviewers was resolved by discussion and consensus. If data was missing, the authors of the original reports were contacted and asked to provide further details. Data was extracted using standardized evaluation forms. The extraction of data includes study design, sample characteristics, concomitant intervention and outcome measures.
Quality Assessment and Risk of Bias in Included Studies
The methodological quality of the included studies was assessed according to the points proposed by Higgings and Green in 2011, as adapted by Chambrone et al. in 2010 and 2013 [7] [8] [9] [10] .
• Method of randomization: (1) adequate if a random number of tables, a coin toss, or shuffled cards were used to assign treatments, (2) inadequate if any other method was used to assign treatments, (3) unclear if a method of randomization was not reported or explained, or (4) not applicable (i.e., for trials without randomization).
• Allocation concealment: (1) adequate if examiners maintain unaware of randomization sequence, (2) inadequate if allocation was not concealed, (3) unclear if the method of allocation concealment was not reported or explained, or (4) not applicable (i.e., for trials without randomization).
• Blindness of examiners with regard to the procedures used in the study period (yes/no response): Were the examiners masked? • Completeness of the follow-up period (yes/no responses): (1) Were the number of subjects at baseline and at the completion of the follow-up period interval reported? (2) All animals completed the follow up period? (3) Reasons for drop-outs.
The risk of bias was categorized according to the following classification: (1) Low risk of bias (i.e., plausible bias that was unlikely to seriously alter the results) if all criteria were met (i.e., adequate methods of randomization and allocation concealment and a yes answer to all questions about completeness of follow-up questions and masking of examiners); (2) Unclear/moderate risk of bias (i.e., a plausible bias that raised some doubt about the results) if one or more criteria were partly met; or (3) High risk of bias (i.e., a plausible bias that seriously weakened confidence in the results) if one or more criteria were not met.
Data Synthesis
The data were pooled into an evidence table, and a descriptive summary was created to determine the quantity of data and study variations (characteristics of interventions/samples and results).
Results

Results of the Search
The total number of studies yielded by search is 624, of which 613 were excluded on the basis of title and abstract review. Eleven studies were excluded posteriorly after fulltext screening, and the reasons for their exclusion are described in Fig. 1 .
Included Studies
Five ATs were considered eligible for inclusion: Uckan et al. [11] ; Bayram et al. [12] ; Fernández et al. [13] ; Feng et al. [14] ; Li et al. [15] . The first 3 studies [11] [12] [13] were performed using 3-month old New Zealand white rabbits, in which bilateral or unilateral induced fractures were executed, through the mandibular body or symphysis. Then, the fractures were fixed with titanium microplates and screws. The last 2 articles [14, 15] were based on 6-month old goats, in which condylar fractures were performed, uni or bilaterally. Detailed information about the characteristics of included studies is shown in Table 1 .
Vertical growth was evaluated in the studies of Bayran et al. [12] , Feng et al. [14] , and Li et al. [15] ; symmetry was assessed in the study performed by Uckan et al. [11] ; and mandibular length was evaluated in the study executed by Fernández et al. [13] . All of the studies reported that the MG was not affected by IRF with titanium plates and screws after induced fractures were performed in different mandibular anatomic landmarks.
Methodological Quality of Included Studies
All of the studies were considered to have an unclear risk of bias because the methods of randomization, allocation concealment, and blinding were not described or could not be identified. In the case of the study of Li et al. [15] , the use of randomization is mentioned, but the exact method is not described.
Occurrence of Adverse Effects/Complications
No adverse effects or complications were reported in the studies.
Discussion
Summary of Main Results
All the animal trials included in this revision showed no alteration of mandibular growth, specifically in the symphysis, body or condyle/ramus, after reduction of induced fractures by means of titanium plates and screws (Table 1) . Also, no complications or adverse effects associated to the interventions were identified.
Quality of the Evidence
None of the 5 animal trials included were considered to have a low but unknown risk of bias, because none of them mentioned the method of randomization, allocation concealment or if examiners were blinded. The study of Li et al. [15] mentioned that there was randomization, but didn't clarify the method. Despite the fact that all the studies were properly evaluated and approved by ethical committees for experimental research on animals, and the intervention was clearly described within the materials and methods section, there was no information regarding the number of subjects initially submitted to the experiment versus the number of subjects that completed the follow-up.
As the authors wanted to gather data from primary sources using experimental models, no human studies were included, although some case series are available in literature. For ethical reasons, there are no experimental studies of this kind using human sample.
It is important to mention that the three studies based on rabbits, used cephalometric measures to evaluate the impact of the intervention, based on two-dimensional X-rays. Despite the fact that this kind of imaging tools have a wide range of distortion, the rate of change was always evaluated using the same X-ray in each individual case, so the proportional distortion affected the measures equally. In the case of the studies executed in goats, three-dimensional CT scanning was used to assess the changes, which gives more accuracy to the measures.
Limitations and Potential Biases in the Review Process
It was not possible to perform a meta-analysis because the interventions were too heterogeneous, and there were two subgroups of samples. For example, despite the fact that induced fractures were executed over the mandibular condyle in the goat group, Li et al. [15] evaluated the changes in growth of mandibular ramus comparing open (using IRF) and closed reduction of the fractures, meanwhile Feng et al. [14] assessed the mandibular growth pattern considering 3 types of intervention after the condylar fracture: isolated IRF, IRF plus removal of the condylar cartilage, and no intervention at all. Concerning the rabbit subgroup, unilateral osteotomies and IRF were executed over the mandibular body in the studies of Uckan et al. [11] and Fernández et al. [13] . On the first study, titanium screws were placed contralaterally, but no intervention over the contralateral side was performed in the latter study. Regarding the study of Bayram et al. [12] , only one induced midline symphyseal fracture was executed in the experimental group, and the pattern of mandibular growth was compared with a control group in which no Fig. 1 Flow chart of studies screened through the review process osteotomies were performed and only one screw was inserted on each side of the symphyseal midline.
In addition, it should be accounted that animal-model research has long been used to test issues related to efficacy/effectiveness and safety/adverse effects of dental/maxillofacial interventions in order to understand the mechanisms of action of such events in human beings [9] . Although the strength of translating outcomes from animal research to humans seems questionable because of the inherent wound healing dynamics of the different species, findings from animal models are certainly important when clinical/radiographic/histologic outcomes need to be assessed in conditions that cannot be reproduced in humans. As a result, this issue should be considered the main limitation of this review. 
Agreements and Disagreements with Other Studies or Reviews
Even though the authors of this study did not find others systematic reviews related to this particular subject, there are ATs related to internal fixation and growing alterations of other facial bones. We also found, some case reports and retrospective studies in pediatric population, regarding internal fixation with titanium plates and screws and its relation to facial growth. Persing et al. [5] executed an AT, in which they immobilized unilaterally the coronal suture in 9-day-old rabbits, using methylcyanocrylate adhesive, and found subsequent growing effects, decreasing it in the anterior cranial base and orbit on the immobilized side. Marschall et al. [6] reported the long-term effects of IRF on the growing craniomaxillofacial skeleton of eight 2-monthold beagle dogs, placing plates and screws across the coronal and nasofrontal sutures. They concluded that there were significant craniomaxillofacial growth pattern alterations. The difference between the results documented by Persing et al. [5] and Marschall et al. [6] , and the clinical trials presented in this revision, may be due to the difference between growth patterns showed by the facial thirds. The growing of the upper and middle facial thirds is related directly to the endochondral ossification of the cranial base and the suture growing, unlike the mixed ossification pattern of the mandible. In relation to human studies, Bos [16] stated in 2005 that the main reason to remove titanium plates in growing patients isn't the growing alteration but a drift phenomenon, in which there is a chance that the growth can lead to inclusion of plates and screws that could risk important structures later on. At the same time, this author considered that there is insufficient knowledge about longterm effects of nonfunctional plates and screws after bone healing in the long-term [16] . Other authors reviewed several papers about the general management considerations in pediatric facial fractures. All of them considered that there's not enough evidence to prove that titanium hardware causes growth restriction when it is placed on the facial skeleton [17] [18] [19] . Facing the impossibility of perform randomized clinical trials in pediatric human population, and the difficulty to obtain reliable evidence in this regard, animal trials must be considered as useful tools for analysis.
Conclusions
Despite the fact that all the studies included in this SR support that internal rigid fixation do not alter the mandibular growth, the high risk of bias detected within included trials precludes definitive assumptions at this moment in time. This issue should be accounted when interpreting the findings of the present review.
Implications for Practice
This SR suggests the feasibility of IRF using titanium plates and screws, for the treatment of pediatric mandibular fractures. This option has considerable advantages for public health systems, due the lower cost of this therapy if compared with absorbable plates. Better stability and quick recovering of normal function are additional advantages of this system.
Implications for Future Research
Technology applied to tissue engineering and virtual modeling can be the basis for future research, considering that ethical considerations on human research will always limit the possibility to obtain information based on clinical experimentation regarding traumatic events. In addition, because of the critical issues relating to the design of studies included in this SR, further research is required to confirm the effect of internal rigid fixation on mandibular growth. For future studies, we recommend that critical components as method of randomization, allocation concealment, blinding and the drop-out rate must be included.
